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MORPHOLOGIC ALTERATIONS OF MYOCARDIUM UNDER CONDITIONS OF LEFT VENTRICULAR
ASSISTANCE
Christophe Depre, MD, PhD, Xavier Havaux, BSc, Robert Dion, MD, and Jean L. Vanoverschelde, MD, PhD,
Brussels, Belgium
Implantation of a left ventricular assist device (LVAD)
is used as a bridge for patients expecting heart transplan-
tation. By changing the loading conditions of the failing
heart, the LVAD most probably alters heart structure. We
report the pathologic examination of myocardium from a
patient before and after 4 months of LVAD use. We show
that unloading the heart with the LVAD leads to a
dedifferentiation process of the cardiomyocytes compara-
ble to that found in “hibernating” myocardium.
Clinical summary. An 18-year-old male patient was
seen for idiopathic dilated cardiomyopathy that did not
improve with maximal drug therapy. Because of the
unavailability of a compatible heart donor, the patient was
surgically treated with partial left ventricular resection
(resection of the anterolateral wall and correction of the
mitral regurgitation). The lack of postoperative improve-
ment led to the insertion of an implantable LVAD
(Novacor; Baxter Healthcare Corp., Novacor Div., Oak-
land, Calif.). After 4 months of stabilization, the device
was removed. Three months later, a heart donor was
found and the patient underwent transplantation. Myo-
cardial tissues retrieved during partial left ventricular
resection, at explantation of the LVAD, and at transplan-
tation were kept for pathologic examination. All tissue
fragments were embedded in paraffin, cut in 7 mm thick
sections, then stained with Masson trichrome stain and
periodic acid-Schiff reaction.
Results. Morphologic characteristics of the fragments
retrieved during partial left ventricular resection were not
different from normal tissue (Fig. 1, A). The cardiomyo-
cytes covered 90% of the total surface, whereas extracel-
lular matrix covered about 7%. Cardiomyocytes were
globally normal in appearance on light-microscopic exam-
ination, with cytosol filled with myofilaments and nuclei
with normal chromatin content (Fig. 1, A). About 15% of
the cardiomyocytes showed slight accumulation of glyco-
gen in the cytosol (Fig. 2, A). After 4 months with LVAD,
morphologic inspection of the myocardial tissue revealed
major differences (Figs. 1 and 2). The cellular volume was
increased compared with the previous fragments. The
rod-shaped cells found initially were now potato-like in
appearance, dilated and spherical (Fig. 2, A). Their myo-
filament content was dramatically decreased, and their
nuclei were condensed and pyknotic (Fig. 1, B). The
percentage of surface covered by extracellular matrix was
increased to 13% (Fig. 1, B). About 95% of the cardio-
myocytes showed an intracellular accumulation of glyco-
gen (Fig. 2, B). In the fragments retrieved during trans-
Fig. 1. Morphologic appearance of myocardium before and after LVAD implantation. The myofilament
content is normal before LVAD implantation (A), whereas it is reduced after 4 months of LVAD support
(B). The nuclei are normal before and pyknotic 4 months after LVAD implantation (Masson’s trichrome;
original magnification 320.)
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plantation, the cellular morphologic characteristics had
returned to a normal pattern in most of the cells, but the
percentage of intercellular fibrosis remained increased.
Discussion. Our data thus show that heart structure may
create important—albeit reversible—morphologic alter-
ations after several months of LVAD implantation. These
alterations are mainly a loss of myofilaments, an intracellular
accumulation of glycogen, and an increase in extracellular
matrix. The alterations that we found in this case are similar
to those previously described in human “hibernating” myo-
cardium.1, 2 Patients with hibernating myocardium in whom
such morphologic alterations are found have functional
improvement after revascularization,3 suggesting that these
phenotypic alterations are potentially reversible. Such a
phenotypic shift is still poorly understood. There is accumu-
lating evidence that the structural changes observed are the
consequence of a reverse differentiation process, because
these altered cardiomyocytes are similar to fetal cardiomyo-
cytes.4 It remains unknown, however, through what mecha-
nisms unloading the heart with the LVAD induces such
alterations and whether this adaptation is a prerequisite for
subsequent functional improvement.
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INTRAPERICARDIAL HERNIATION OF THE STOMACH AFTER USE OF THE RIGHT
GASTROEPIPLOIC ARTERY FOR CORONARY ARTERY BYPASS GRAFTING
Frank Manetta, MD,a Darroch W. O. Moores, MD,a, b Edward V. Bennett, MD,b and Niloo M. Edwards, MD,b
Albany, N.Y.
The right gastroepiploic artery (GEA) is frequently
used as conduit for coronary artery bypass grafting
(CABG). Intrathoracic herniation of the stomach
has been reported when the GEA pedicle has been
routed posterior to the stomach.1-3 Recently, a trans-
diaphragmatic, intrapericardial herniation of the stom-
ach developed in one of our patients after the right
GEA pedicle was routed anterior to the stomach. To
Fig. 2. Glycogen accumulation in cardiomyocytes. A, A few cardiomyocytes show an intracellular
accumulation of dark-red material compatible with glycogen. After 4 months of LVAD support, most
cardiomyocytes display an important accumulation of glycogen in their cytosol. B, Periodic acid–Schiff
reaction (original magnification 320.)
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